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ft p/^ng MANIPULATOR AR RANGEMENT 



This invention relates to a robotic manipulate 
arrangement and it relates particularly., though no 
exclusively, to a robotic manipulator arrangement 
including a linear. drive mechanism, : . : . . 

Known robotic manipulator arrangements, an 
anthropomorphic robot for. . example, .may have 
complex kinematics and drive control 
for that reason, .they can be expensive The r, 
ventors have found, however, that , many tasks re- 
quired of such known manipulator arrangements 
can be accomplished using relatively short 
(typically 200 mm-300mm) rectilinear movements 
Z so. in many practical applications, rt may not 
be possible to fully exploit their capabilities. 

It is an object of this invention to .provide a 
different kind of robotic ; mandator ^emerrt 
which at least alleviates the. afore-mentoned prob- 

According to the invention there js provided, a 
robotic manipulator arrangement includes , first 
. manipulator displaceable along | linear 
track above a work surface, and having at least one 
oSer degree of freedom; and a second, mandator 
having at least two degrees of freedom. , , ... , , 

An embodiment of the invention is now de- 
: scribed, by way of example only, by reference to 
' the accompanying drawings of which:- . . 
! Figure 1 illustrates. diagramatically. ; a s de 
view of a linear drive, mechanism and is useful in 
'•^rstandlng the operating principle of .the 
>^hanism^ ^ ^ ■ genera „ sed perspective 
view of a robotic manipulator arrangement in accor- 
dance' with the invention which. may- include, the 
"linear drive mechanism arr^gernent, , , 

Figure 3 sr«)ws J a.transveree v .cr^-sec*!onal 
view'' through; a. linear drive mechanism as em- 
bodied in the arrangement of Figure 2. . 

Figures 4 to 6 illustrate diagramatcally dif- 
ferent configurations of the robotic manipulator ar- 
rangement of Rgure 2 and Rgure : 7 shows how a 
number of the robotic manipulator, arrangements 
may be combined in a linear configuration. . . . 

The drive mechanism illustrated diagramatcal- 
ly in Figure 1 of the drawings includes a rotary 
motor '1 which is arranged to drive a. lead screw 2. 
assumed to be U2 in length ..The (ead screw, dnves 
a frame member 3 which is supported by. and 
guided along, a slfcJeway.4 defining a linear track 5. 
The slideway also supports and. guides a dnven 
load represented generally ; as a, block 6 in ..the 
drawing. ... 



As will be" apparent the load, can move along 
the track "relative to the frame member, but. is 
coupled drivingly thereto . by means of two steel 
bands 7,7 which pass .around pulleys .8.8'. mounted 
s at opposite ends. of. the/frame jnember. The ends 
of one of "the Bands (7) are attached respectively^ 
the load member and to the frame member and the 
" ends of the other band (7') are attached respec- 
tively to the load member and to a location L which 
,o ; is fixed with respect to the load member and .the 
frame member, 

It willbe appreciated that if the frame member 
is displaced through a. distance 1/2. e the maxi- 
mum travel permitted .by the lead screw, the toad 
15 will be displaced through twice that distance, dur- 
ing the same interval of time, the final position of 
the frame .member and the load member being 
represented in broken outline. 

As compared with hitherto known mechanisms. 

20 wherein. <tem*S&4^™^^ 
find that aWiough the feear r driye ; force required to 

be executed by the motor at the frame member IS 
increased, the velocity: and acceleration required of 
1 the motpr'aw reduced. Particularly for high speed 
25 ■ motions of the load member this mechanism g,ves 
greater flexibility in drive selection and allows bet- 
ter balance of drive and driven inertias to be 
achieved. The length and diameter of the lead 
' screw may also be reduced. These factors can 
30 lead to a more efficient, cost-effective mechanisrr.. 

the Inventors envisage that a linear dnve 
mechanism of this kind has wide applicability, es- 
pecially in an industrial environment where the 
" driven loads can be relatively large, 
as - In one application, the drive mechanism is em- 
' bodied" In a robotic manipulator arrangement .illus- 
' trated generally in .Rgure 2 of . the drawings, this 
system being particularly, though; not exclusively, 
suited to assembly tasks. . . . 

40 The drive mechanism, shown generally at 10. 
'"is mounted on a gantry 11. and is used to drive a 
■ ' robotic manipulator 12 along a pair of slideway 13. 
^nich define a linear, horizontal track 15. As will 
; be described in greater detail hereafter, the ma- 
45 nipuiatorcan move within ,a well-defined, work pell 
- above a generally rectangular work table 16 where 
a number of assembly and/or processing tasks are 
. carried out.. 

; - ; figure 3. of the drawings shows a cross-sec- 
so ' tional view through drive mechanism 10. taken 
transversely of slideways 13. H and illustrates how 
the mechanism could be configured in practice. 
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Referring to Figure 3, a load member 
(corresponding to component 16 . in Figure' 1) com- 
prises a generally flat plate 17 which supports the 
manipulator 12, as shown. The plate ; itself is sup- 
ported on, and guided along, each; siideway by 
means of a respective pair 18, J& of "rollers, 
siideway 14 and the associ^ed 1 rollers;. Iff being 
used chiefly to ^abinsis 'the *? mber 
19 (corresponding tb component 3 in figure 1) is 
alsb supported' dh siideway ' 1 3 by, another set of 
rollers (not shown)", and a rotary motor, shown 
* generally at 20, transmits drive to the frarjne mem- 
ber via a lead screw 21 which extends lengthwise 
of ' 'the slideways (i.e. parallel to track , 15) and 
meshes with a lead nut 22 attached tothe; frame 
member- As, before, the load member is capable of 
movement along track 15. relative to the frame 
member, but is coupled drivingly thereto by means 
of two steel bands (eg 23) which pass around two 
pulleys, of which only one; 24. is shown in the 
drawing, mounted on the ^e^ember: These 
bands are attached >xa#t£^s described herein- 
before by reference .to n^re"! ; • . ; 

: The rbbotid -"ikm&Wb "arrangement, , shown 
; -geher^ ^fcg^^ 
1 1 ' su^Sa ^ ^ i^^^^H^Sb sfide- 
ways Y4^lbmfe ifte wr^^ie 16, iahd 
m^ipuj^ : of the7 ta^ % a; work 

station J-,-. - .. 

For clarity. : .of ; illustration the v mahipu|a|brs 11 
andl 30 have been represented diagrarnatically in 
Figure 4. "The i first; manipulator }1 Includes a first 
limb L(1) which is^ mounted 'on ^e slib^way and 
aligned on a firsi' vertical axis ti,'i second limb L- 
(2) rotatable abbUt axis* ?i. and > : third limb L(3) 
which mounts arf end effector, typically a gripper 
device 31. which is displaceable along, and rotat- 
able about, a second vertical , axis Z*. TThe second 
manipulator 30 is Ranged tb^n'p'a work piece 
and is rotatabte with respect to the, table aJDorf tyvo 
mutually 'drtho^onai; axeV ^(X.V) \yir$ m a ;$lane 
parallel to the worktable. _.'„.. ( , , . 

It will be apparent IrMt .thisI m^ipulator ar- 
rangement h ! as" a 'total of six ;degre^s ^freedom 
Which are distributed between the firjst '^.sd^nd 
m^i^i^oVs^four degrees of ^eedqK(desjgh6ted 
asj I. "It* ijl artdf ix |V) being ascribe^ to the first 
rn^ulator and, the : remaining two |desigr\^ed ,as 
V ahS" beiii Q lascribed to the second rnknipula- 

r " "tor.'. ;" ;7 - I- = ; 

: These' decrees of freedom comprise:- . : 
I - translation along a horizontal axis pCi). 
Such translation could be effected ; ,bY i; means of a 
linear drive mechanism as described Therein ^£y 
• ref r nee to figure 3. though it will be uhdSrs^bod 
that, in general, alternative forms of drive could be 
used. 



II - rotation, about the first vertical axis Z1i. 
^ .^This- can be. effected by a rotary drive motor as 

shown at 25 in Figure 3. 

III - translation of the end effector along the 
5 second vertical axis Z2. 

IV - rotation of the end effector, 'about the 
second vertical axis. 

V and VI - rotation about mutually orthogonal 

axes X and Y. 

70 v ' 1 The inventors have found that a distributed 
"system 1 of this kind can achieve relative simplicity 
in regard to both kinematics and drive control. As 
compared with more complex systems, such as the 
known six axis.' anthropomorphic robot, a distrib- 
75 uted system Wy be more . cost effective and yet 
still offers the flexibility needed to perform a wide 
range of assembly ; and/or processing tasks within 
the same job sequence. Moreover, the gripper de- 
vice 31 may be ^ intprbhanged with any of a number 
20 of different grf0p'er "^eyi'dos/'eiach dedicated to a 
specific task/ held^at a "finger change" station, 
referenced at F in Figure 2. and with.the facility the 
system cart acquire an even greater flexibility per- 
mitting a wider variety of tasks to be performed. A 
25 finger change mechanism suitable for this applica- 
tion is described in our copending European patent 
application; Publication No. 0168945. If desired this 
interchange facility may be augmented by provid- 
ing a number (3 say) of gripper devices on a 
ao common rotary indexing head, referenced at 32 in 
Figure 4. Alternatively, as shown in Figure 5. each 
gripper deyice could be mounted individually on a 
respective one of a number of arms 33 distributed 
evenly about vertical axis Zt. Alternatively, ^of 
35 course, one gripper device only could be used, as 
shown in Figure 6. 

iC ' the ! mahipulafor arrangement illustrated; by 
3 * way of example, in .Rgujfe 2 can be used to carry 
* out a wide variety 1 of assembly and/or processing 
40 * tasks 1 within' %e L wbrW deli: TheSe include transfer of 
^cWfSorien^ Pallets introduced into ; th^ work 
..cell.at P or on vibrational and/of belt driven con- 
4fl \ii^or^ * .c/ : "distribution _ .of, contact sensor^ sit se- 
lected locations on :the work table 1.6, manipulation 
45 and/pir processing of a woric piece held in^^m 
F ' l ifitfor" 3d;, uiso 'pf rfedicated" tpdjs^eg a pneumatic 
. screw driver., 7 ' ... .. ; \ ..." 
*V ' It will be appreciate^ 
] arranbamen( in accordT^nce with this invention need 
so not neces^|y;h^e>ix decrees of freedom, nor 
: need the decree's of freedom be distributed in the 
' J manner descnbed/^lndiped; .the tirst manipulator re- 
""quires, as a minimum.V^ along 
a horizontar ; (Xi)^ "axis together with at least one 
55 oth r degree of freedom, while the second manipu- 
lator, position d on the work table, requires at least; 
two degre s of freedom. In general, the degrees of 
freedom are selected to suit the requirements of a 
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specific application, having regard to the nature of 
the tasks to be performed, the available working 
space, and the preferred distribution of work ista- 
tions within that space. 

It will be appreciated that a robotfcf manipulator 
arrangement of the kind described by reference to 
Figure 2 could, in principle, be used to carry out an 
entire assembly procedure. An alternative arrange- 
ment, however, shown in Figure 7, includes a num- ; 
ber of different work cells arranged in succession ; 
to define, in effect, an assembly line. Each celljhas! 
a respective manipulator arrangement with distrib- v 
uted axes, as described in hereinbefore, which is 
dedicated to a specific, but limited, task within the 
overall assembly procedure. Adjacent cells in the 
"line" are arranged to overlap with one another 
allowing a work piece to be transferred progres- 
sively along the line at different stages of comple- 
tion. 

In many assembly and/or processing oper- 
ations the positional accuracy; of the gripper device . 
in relation to the work piece can be of critical 
importance, and so, hitherto, it has been customary 
to provide some form of compliant mechanism 
between the robot arm and the gripper device: ; 

Our copending European Patent Application, 
Publication No.0191246, the content of which id 1 
incorporated herein, describes one such mecha-j \ 
nism which allows the gripper device to move 
relative to a manipulator arm along and/or about \ 
each of two mutually orthogonal axes provided 
relative displacement along the arm axes exceeds 
a predetermined amount The inventors have found, 
that in certain applications, particularly those re- 
quiring insertion of an object (eg a pin) in a closely 
fitting hole, it can be advantageous to allow, an; 
additional relative displacement about the arm axis.; 
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4. A robotic manipulator arrangement accord- 
ing to Claim 3 wherein said end effector includes a 
rotary indexing gripper head mounting a plurality of 
different gripper devices. 

5. A robotic manipulator arrangement accord- 
ing to Claim 3 wherein said end effector includes a 
plurality of gripper devices distributed at regular 

- intervals, around said orthogonal axis. 

6. A robotic manipulator arrangement accord- 
ing to any one bf Claims 1 to 3 wherein said 
Second manipulator is arranged to grip a work 

; piece and can be displaced with respect to the 
Work surface about two mutually orthogonal axes. 

7. A robotic manipulator arrangement accord- 
ing to Claim 6 where said mutually orthogonal axes 
• lie in a common place parallel to said work surface. 

8. A robotic manipulator arrangement accord- 
ing to any one of | claims 1 to 7 including a linear 
idrive means arranged to drive said first manipulator 
along said linear horizontal track wherein the drive 
means comprises i a frame member, means for di- 
rectly driving the frame member along said linear 
track and means to drivingly couple the first ma- 
nipulator to the frame member whereby, in use, the 
first manipulator is displaced along said track with 
respect to said frame member in response to, and 
in the same sense as, a displacement of said frame 
member along the track. 

9. A robotic manipulator arrangement accord- 
ing to Claim 8 wherein said frame member and 
said first manipulator are mounted on a common 
guide for displacement along the track. 



.Claims ~ !" "* \J 

) ;» ■ . 

li A robotic manipulator arrangement including! 
a first manipulator displaceable along a linear, hork 
zontaT track above a work surface, and having at- 
least one other degree of freedom; and a second! 
manipulator, having at least two degrees of free- 
dom. . i ; \ 

2. A robotic manipulator arrangement accbrd- 
ing to Claim 1 wherein said first manipulator is 
rotatable about an axis orthogonal to said linear; 
horizontal track. ; 

3. A robotic manipulator arrangement accord- 
ing to Claim 1 where said first manipulator mounts • 
an end effector displaceable along, and or about, a \ 
further axis, parallel to said orthogonal ax s. 
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